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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention , , 

The present invention relates to a polymerization catalyst component, method of making such a component, to a 
catalyst system made therefrom, to a method of mal<ing such a catalyst system, to polynierization with such a catalyst 
and to polymer and products made therefrom. In another aspect the present invention relates to olefin polymerization 
catalyst components, to a method of making such a component, to a catalyst system made therefrom, to a method of 
making such a catalyst system, to polymerization with such a catalyst and to polymer and products made therefrom. In 
even another aspect, the present invention relates to a relates to a polymerization catalyst conrtponent for making pol- 
yethylene, to a method of making such a component, to a catajyst system madethererom, to a method of making such 
a catalyst system, to polymerization with such a catalyst and to polymer and productsmade therefrom. In still another 
aspect, the present invention relates to a polymerization catalyst component useful for making propylene blends com- 
prising iso- and syndio-tactic polypropylene, to a method of making such a component, to a catalyst system mad 
thererom, to a method of making such a catalyst system, to polymerization with such a catalyst and to polymer and 
products made therefrom. 

.' 

2. Description of the Related Art 

As is well known, various processes and catalysts exist for the production of polypropylene. 
, For example, the traditional Ziegler-Natta catalyst systems utilize a transition metal compound cpcatalyzed by an 
aluminum alkyl. . - r r - .1 

"Metallocene" catalysts for olefin polymerization, comprising a metallocene and an aluminum alkyl component 
were first proposed in the 1.950s. In a metallpcene catalyst system, the transition metal conpound has two or more 
cydopentadienyl ring ligands. Accordingly, trtanocenes, zirconocenes and hafnocenes have alt been utilized as the 
transition metal component in such "metallocene" containing catalyst systems for the production of polyolefins. When 
such metallocenes are cocatalyzed with an aluminum alkyl, as is the case with the traditional Ziegler-Natta catalyst sys- 
tem, the catalytic activity of such metallocene catalyst system is generally too low to be of any commerical interest. 

It has since become known thatisuch metallocenes may be cocatalyzed with an alumoxane, rather than an alumi- 
num alkyl, to provide a metallocene catalyst system of high activity for the production of polyolefins. 

Polypropylene has long been knowvn to exist in several forms. In Isotactic propylene (iPP), the methyl groups are 
attached to the tertiary carbon atoms of successive nronomeric units on the same side off a hypothetical plane through 
the polymer chain. Syndiotactic polypropylene (sPP) has the methyl groups attached on alternating sides of the poly- 
mer chain. . ' „ 

U.S. Patent No. 4.939,202, issued July 3, 1 990 to Maletsky et al. discloses a barrier guard moisture-proof adhesive 
coating comprising isotactic and syndiotactic polypropylene. The amorphous polypropylene is said to be formed in 
minor amounts during the production of crystalline propylene using known sterospecific catalysts. 

U.S. Patent No. 5,124,404, issued June 23. 1992 to Atwell et al. discloses the grafting of brominated monomeric 
units onto syndiotactic or isotactic polypropylene to form flame retardant polymer, 

U.S. Patent No. 5.269,807, issued Decenrt>er 1 4. 1 993 to Uu discloses a Suture fabricated from a blend of compris- 
ing syndiotactic and isotactic polypropylene. / ' 

E.R Patent Application No. 0 622 410 Al. published. November 2. 1994, discloses melt blending of syndiotactic 
polypropylene and isotactic polypropylene to form useful medical articles. 

E.R Patent Applicatbn No. 0 650 816 Al , published May 3. 1995. discloses injection molding blends of syndiotactic 
polypropylene and isotactic polypropylene. The blerKi is made by melt blending syndiotectic polypropylene and isotactic 
polypropylene. 

E.P. Patent Application No. 0 615 818 A2, published May 3, 1995. discloses a method of forming a film by tubular 
film extrusion of a polypropylene resin composition comprising syndiotactic polypropylene and isotactic polypropylene. 
The fc)lend is made by melt blending syndiotactic polypropylene and isotactic ppiypropylene. 

U.S. Patent No. 5.444,125. issued August 22, 1995 to Tomita et al. discloses laminated olefin polymers obtained by 
introducing an amino group, into the terminal unsaturated isotactic or syndiotactic alpha-dlef in polymer having an 
olefinic unsaturated t)ond at its terminus. ' - 

U.S. Patent No. 5.455.305, issued October 3. 1995 to Galambos discloses yarn made from blends of syndiotactic 
polypropylene and isotactic polypropylene. 

U.S. Patent No. 5.459.117. issued Ocipber 17. 1995 to Ewen discloses doubly-conformationally locked, stereorigid 
catalysts for the preparation of tactiospedfic polymers-.Specificalty, a doublerconformationally locked metallocene. i.e.. 
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the chain-end is locked confbrnnationally by two slerically different substituents at the distal ring carbon atoms of the 
cyclopentadienyl radical. The catalysts can be designed to impart any degree of tactidty to the resulting polymers by 
varying the substituents at the distal ring carbon atoms. 

A wide range of properties from pdyolefins, when produced by- Ziegler-Nalta catalyst systenrrs. Is generally 
5 obtained by introducing some amounts of various contonomers. 

The addition of a comonomer alters the thermal characteristics, i.e., decreasing melting temperature. Ethylene is a 
typical comonomer for polypropylene; with Various weight percentages incorporated into polypropylene depending 
upon-the application and mahufecturing proceiasi 

10 - SUMMARY OF the: INVENTION 

According to one-embodiment of the present invention there is provided a polyolefin metallocene catalyst compo- 
nent which can gieneraJIy be described as having two'differertt stero§pectfic sites, syndiospedf ic and isospedfic. This 
'■ metallocefie catsa^ component first-'lndudes a catalyst support The catalyst system furth©- indudes two metalloc^e 
15 components, a slferieorigld isosp6cifie metallocene catalyst component and a stereorigld syndiospecific metallocaie 
catalyst canponent, botf* of which are supported upon the support. In a more specific embodiment of the catalyst com- 
ponent the stereorigid isospecific metallocene catalyst conponent is desribed by the formula: 

R"(CpR2C4R4)(CpR'2C4R'4)MeQk 

20 

wherein (CPR2C4R4) arKl (CpR 2C4R'4) are substituted indenyl rings; each R and R' is a hydrogen or a hydrocarbyt rad- 
ical having 1 -20 carbon atorns, each R being the same or different, each R' also being the same or different, one R and 
R' being a hydrocartjyl radical having 1 -20 cartwn atoms in a proximal position adjacent to the bridgehead carton f th 
indenyl rings; R" is a structural bridge between the two indwiyl rings imparting stereorigidity to the indenyl rings; M is 
' 25 a transition metal; and eiach Q is a hydrocarbyl radical or is a halogen; and 

the stereorigid syndiospecific metallocene catalyst component is desribed by the formula: 

R"(CpRn)(CpR'JMeQk ' 

30' wherein each Cp is a cydopentadienyl or substituted cyclopentadienyl ring; Rp and R „ are hydrocartjyl radicals having m 
1 -20 carbon atoms, each R^ may be the same or different, and each R also may be the same or different; R " is a ^ ^ 

structural bridge between the two Cp rings imparting stereorigidity to Ihe Cp rings within the catalyst, and R " is prefer- 
ably selected from the group consisting of an alkyi radical having 1 -4 cartjon atoms or a hydrocarbyl radical containing 
silicon, germanium, phosphorus, nitrogen, boron, or aluminum; Me Is a group 4b. 5b. or 6b metal from the Periodic 
35 Table of Elements; each Qms a hydrocarbyl radical having 1-20 carbon atoms or is a halogen; O^keS; O^n^; and 
l^m^, and R'^, is selected such that {OpH'm) is a substantially different substituted ring other than (CpRn). 

According to another embodiment of the present invention, there is provided a metiiod of making the above ^ 
desCTibed polyolefin metallocene catalyst component. The method generally indudes contacting the two above 
desaibed metallocene comporients, that is. the stereorigid isospecific metallocene catalyst component and the stere- 
40 origid syndiospecific metallocene: catalyst component, with a support. 

Accoring to even another embodiment of the present invention there is provided a catalyst system conprising the 
above described catalyst conponent and a cocatalyst or Lewis acid. * 

According to still another emtxxliment of the present invention, there is provided a method of making the above 
• described catalyst system. The method includes contdcling the polyolefin mfetallocene catalyst component with a cocat- 
45 alyst or l.fiwis acid. e , ■ . - - 

According to yet anotiiei^ enribodiment of tiie present invention, there is provided a method for polymerizing of le- 
f ins with at least three cartion atoms.- Hie process includes contacting olefins of at least tiiree carbons with a catalyst 
system under polymerization conditions to form a blend of isotactic and syndiotactic polymer of high molecular w ight 
and cr^tallinity, wherein tile catalyst system is as desribed above. 
so " • - 

BRIEF DESCRIPTION OF THE. DRAWINGS 

FIG. 1 shows ihe activity of the dual characteristic catalyst of the present invention. 
FIG. 2 shows the MFR of polymer produced with the catalyst of the present irwention. 
55 FIG. 3 shows DSC Thermograms 6f (a) sPP. (b)1 0 % miPP, (c) 30 % miPP, (d) 50 % miPP. (e) 70 % miPP. (f) 90 % 
miPP.(g)100%miPR - ■ ^ ■ 

F\G. 4.Figure 4 shows DSC Thermograms of miPP (a) wrttiout and (b) With Nucleator. 

FIG. 5 shows dynamic crystallization of sPP, miPP and their reactor blends cooled from the melt (21 0*C) @ tiie rate 
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of10°C/min. 

FIG. 6 shows tensile modulus and Izod impact of reactor blaids of the present invention. 
FIG. 7 shows tensile strength of reactor blends of the present invention. 
FIG. 8 shows tensile elongation of reactor blends of the present Invention. 
5 FIG. 9 shows transmtttance of reactor blends of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The catalyst utilized in the present invention can be generally desaibed as.having both isospedfic and syndiospe- 
10 clfic metaliocene components, supported upon a common supportive material. 

In the present invention, isospedfic metaliocene catalyst components are described^as those which produce pre- 
dominantly isotactic polydef in. Generally such a catalyst conponent will produce at least about 70 weight percent iso- 
tactic polymer, preferably at least about 90 weight percent isotactic polymer, more preferably at least atout 95 weight 
percent isotactic polymer, and even morie preferably at least about 99 weight percent isotactic polymer, all based on the 
15 total weight of polymer catalyzed by the conponent. . / 

Syndiospecif Ic metaliocene catalyst components are described those which produce pr^ominantly syndiotacttc 
polyolef ins. Generally such a catalyst will component produce at least a±»out 70 weight percent syndiotactic polymer, 
preferably at least about 90 weight percent syndiotactic polymer, more preferably at least about 95 weight percent syn- 
diotactic polymer, and even nrtore preferably at least about 99 weight percent syndiotactic polymer, all based on the t tal 
20 weight of polymer catalyzed by the syndiotactic specif ic comporient. ^ 

The isotactic structure is. typically described as haying the methyl, groups attached to the tertiary carbon atoms of 
successive monomeric units on the same side of a hypothetical plane through the main chain of the polymer, e.g., th 
methyl groups are all above or all below the plane. Using the Fischer projection formula, the stereochemical sequ nc 
of isotactic polypropylene is described as follows: 

25 



Another way pf describing the structure is through the use of NMR spectroscopy^ Bove/s NMR nomenclature for 
an Isotactic pentad is ...mmrnm... with each "m" representing a "meso'* dyad or succe^iye.methyl groups on the sarr^ 
side in the plane. As kridwri in the art, any deviation or inversion in the structure of the chain lowers the degree of Iso- 
tacticity and crystallinity of the pdymer r . 

35 Syndiotactic polyrners, in contrast to the isotactic structure, are those in which the methyl groips attached to the 
tertiary qsabon atoms of successive monomeric units. in the chain lie on alterrate sides of the plane of the polymer. 
Using the Fischer projection formula, tiie structure of a syndiotactic polymer is.designated as: 



In NMR nomericlature, this pentad is described as ...nrr... in which, each "r" represents a *'racemic** dyad, i.e., suc- 
cessive methyl group on alternate sides of the plane. The percentage of r qlyads in the chain determines the degre of 
syhdiotacticity of the polymer. Syridiotactic polymers are crystalline arid, like the isotactic polymers, are insolubt in 
xylene. This crystallinity distinguishes both syndiotactic and isotactic polymers from an atactic polymer which is soluble 
,50 in xylene. Atactic polymer exhibits no regular order of repeating unit configurations in the polymer chain and fornns 
ess;entially a waxy product, r . . - 

While it is possible for a catalyst to produce all three types of polymer, it is desirable in the present invention to uti- 
lize a catalyst having a first metaliocene catalyst component .which wijl produce predominantiy isotactic polymer, and a 
second metaliocene catalyst component which vilW produce predominantiy syndiotactic polymer, both components 
55 . vvhich are supported on a common supportive material . ^. ■ . . ~ ' 

Metaliocene catalyst components which produce predominantly isotactic polyolef ins are disclosed in European 
Patern Application No. 87870132.5 (Publication No. 0 284 708 published October 5^ 1988), U.S. Patent Nos. 4,794.096 
and 4,975.403. and U.S. Patent Applicatiori Serial No.. 07/91 1 [634, filed July 10. 1992. all of which are herein incorpo- 



4 



BNSDOCID: <EP 0870779A1_I_> 



EP0 870 779 A1 



rated by reference. 

The preferred isospecif ic metallocene catalyst conponerrts useful in the practice of the present invention may be 
desaibed by the fonnula 

5 R"(CpR2C4R4)(CpR'2C4R4)ty/leQk 

wherein each (CPR2C4R4) and (CpR'2C4R'4) are substituted Indenyl rings; R and R* are hydrogen or a hydrocarbyl rad-. 
ical having 1 -20 carbon atoms, each R may be the same or different, each R* also may be the same or different, one R 
and R' is a proximal substituent which is a hydrocarbyl radical from 1 -20 carbon atonts. preferably Is an alkyi radical of 

70 1 -4 cartDon atoms and, most preferably, is a methyl radical, where proximal refers to position 2 of the indenyl ring relative 
to the cartwn attached to R" (position 1). i.e., adjacent to the bridgehead cartwn. the R and R* proximal substitutents 
being the same or different but preferably are the same, and the remaining R and R* substituents are preferably hydro- 
geri; R" is a structural bridge between the two indenyl rings imparting stereorigidity to the indenyl rings within the cata- 
lyst component; preferably is a hydrocarbyl radical containing silicon as the bridging component, more preferably, is an 

15 alkyi radical of one to eight cartran atoms containing silicon as the bridging component and, most pr^erably is dimeth- 
ylsilyl; Me is a transrtidn metel, preferably, is a Group IVB, VB or VIB metal from the Periodic Table of Elements, more 
• preferably, is a Group IVB metal and, most preferafcrfy, is zirconium; each Q is a hydrocarbyl racfical having 1-20 cartx)n 
atoms or is a halogen, preferably, is halogen and. most preferably, is chlorine; k is the valence of Me minus 2. Preferably, 
all R and R' other than the proximal substituents are hydrogen and, most preferably, (CPR2C4R4) and (CpR'2C4R 4) are 

20 both 2-methyl indenyl. 

Preferred syndiotaclic metallocene components useful in the practice of the present invention include those dis- 
closed and descnbed in U.S. Patent No. 4,892,851. issued January 9, 1990. to Ewen et aL, herein incorporated by ref- 
erence, r , 

The preferred syndiotadic metallocene components may be described by the formula R"(CpRn)(CpR'JM 0^ 
25 wherein each Cp is a cydopentadienyl or sut>slituted cyclopentadienyl ring; R^ and R ^ are hydrocarbyl radicals having 
1-20 carbon atoms, each Rn may be the same or different and each R'^ also may be the same or different; R" is a 
structural bridge between the two Cp rings imparting stereorigidity to the Cp rings within the catalyst, and R" is prefer- 
ably selected from the group consisting of an alkyl radical having 1-4 cartron atoms or a hydrocarbyl radical containing 
silicon, germanium, phosphorus, nitrogen, boron, or aluminum; Me is a group 4b, 5b, or 6b metal from the Periodic 
30 Table of Elements; each Q is a hydrocarbyl radical having 1-20 carbon atoms or is a halogen; O^k^; 0<n^; and 
1 ^rn^. In order to be syndiospedf ic. it was discoverejd that the Cp rings in the metallocene catalyst components must 
be substituted in a substantially different mariner So that there is a steric difference between the two Cp rings, and there- 
fore. R'm is selected such that (CpR 'J is asubstantiallydifferent substituted ring other th^(CpRn). In order to produce 
a syndiotaclic polymer, the characteristics of the groups substituted directly on the cyclopentadienyl rings seem to be 
35 important Thus, by "steric diTfference" or "sterically different" as used hiereiri, it is intended to imply a difference 
between the steric characteristics of the Cj3 rings that controls the approach of each successive rnonomer unit that is 
added to the polymer chain The steric difference between the Cp rings acts to block the approaching nrranomer from a 
random approach and controls the approach such that the monomer is added to the polymer chain in the syndiotactic 
configuration. 

40 Without intending to limit the scope of the present invention as indicated by the claims, it is believed that m th 
polymerization reaction both the syndiospecif ic metallocene catalyst components and the approaching monomers units 
isomerize with each monomer addition to the polymer chain. This isomerization of the monomer which is controlled by 
the steric blockage of the differently substituted Cp rings results in the alternating configuration characteristic of syndi- 
otactic polymers and is in contrast to the chain-end control of the catalysts disclosed by Natta et al. The different r ac- 

45 tion mechanisrn also results in a different structure for the polymer. 

In a more preferred syndiospecif ic metallocene conrponerrt useful in the present invention. Me is titanium, zirco- 
nium or hafnium; Q is preferably a halogen, and it is most preferably chlorine: and k is preferably 2. but it may vary with 
the valence of the metal atom. Exeniplary hydrocarbyl radicals include methyl, ethyl, propyl, isppropyl, butyl, isobutyl. 
amyl, isoamyl. hexyi, heptyl, octyl, nonyl, decyl, cetryl. phenyl, and the lilie. Other hydrocarbyl radicals useful in the pre- 

50 fen-edsyndiosipecific metallocene component iridude other alM^^ Rn 
and R may comprise hydrocarbyl radicals attached to a single carbon atom in the Cp ring as wefl as radicals that are 
bonded to two cart>on atoms in the ring. 

In the practice of the present invention, the isospecif ic metallocene catalyst component and the syndiospecif ic met- 
allocene catalyst cornponent are supported on the same supportive material. The support can b any solid which is 

55 chemically inert and unreactive with txrth metallocene components and the other catalyst components. Non-limiting 
examples of support material are porous materials such as talc; inorganic oxides, such as Group II A. IIIA, IVA or IVB 
metal oxides, specifically, silica, alumina, magnesia, titania. zirconia. and mixtures thereof; and resinous nnterials, 
such as polyolef ins, specifically, finely divided polyethylene, as disdosed in U.S. Patent No. 4,701 .432. hereby incorpo- 
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rated by reference. 

The iso- and syndic- specific metallocene catalyst components may each be prepared by any method known in the 
art. It is Important that the catalyst complex be "clean" as usually low molecular weight, amorphous polymer is pnxluced 
by impure catalysts. Non-limiting examples of two useful methods of prqaaring the catalyst are discussed below. Gen- 

5 erally. the preparation of the catalyst complex consists of forming and isolating the substituted indenyl ligands, the ani- 
ons of which are then reacted with a halogenated m^tal to form the complex. 

One non-limiting example of a process for preparing a bridged rnetallocene catalyst conponent comprises contact- 
ing a substituted indene having a proximal sul)stituent on the indenyl ring witfi the same or another substituted indene 
having a proximal substituent under reaction conditions sufficient to produce a bridged substituted diindene. The proc- 

10 ess further conprises contacting the anionic form of the bridged substituted diindene with a metal conpound of the for- 
mula MeQv wherein Me is a Group IIIB. IVB. VB or VIB metal from the Periodic Tab|e^ of Elements, each Q is a 
hydrocarbyl radical having 1 -20 carbon atoms or is a halogen and v is the valence of Me, under reaction conditions suf- 
ficient to complex the bridged diindene to produce a bridged metailocena The process step of contacting the bridged 
substituted diindene with a metal compound can be perfonned in a chlbrinated'solvent. 

15 Another non-limiting example of a process for preparing a bridged metallocene catalyst component comprises con- 
tacting a substituted indene having proximal substituents on the indenyl ring with an alkylsilylchloride of ttie formula 
R*2SiX2 where R* is a hydrocariayl radical having 1 -20 cartDon atoms arid X is an halogen. A second equivalent of th 
same or another substituted indene having proxinral substituents on the indenyl ring is added to produce a silicon 
bridged disubstituted indene. The subsequent steps are similar to those above for producing a bridged disubstituted 

20 indene coordinated to a hietal. 

The metallocene catalyst components of the present invention are useful in many of the polymerization processes 
known In the art including many of those disclosed for the preparation of iso- or syndio- tactic polypropylene. When the 
iso- and syndio- specific catalyst components of the present invention are used in these types of processes, the proc- 
esses produce a Wend of iso- and syndio- tactic polymers. Further exantples of polymerization processes useful in the 

25 practice of the present invention include those disclosed in U.S. Pat. No 4.767.735. U.S. Patent No. 4.892,851 . and U.S. 
Patent No. 4.975,403, the disclosures of which are hereby incorporated herein by reference. These preferred polymer- 
ization procedures Include the step of prepolymerizing the catalyst conponents by contacting the catalyst components 
with a cocatalyst and an olef in monomer prior to introduction into a reacfibh zorie at a tenrperature below tiiat of polym- 
erization. . . . ' 

30 Consisteint witii the prior disclosures of metallocene catalyst components for the production of iso- or syndiolactic 
polymers, the catalyst components of the present invention are particularly useful in cpnrtbination with a cocatalyst. pref- 
erably an alumoxane, an alkyi aluminum, or other Lewis acids or a mixture thereof to forni an active catalyst In addition, 
a complex nay be isolated betweieri the iso- and syndio- specific.metaliocene catalyst components as described herein 
and an aluminum cocatalyst in accordance with the disclosure of U.S. Patent Nos. 4,752,597 and 4,791.180. As dis- 
ss closed therein, metallocene is reacted with an excess of alumoxane in the presence of a suitable solvent. A complex of 
the iso- and syndio- specific metallocene and alumoxane may be isolated and used as a catalyst in the present inven- 
tion. 

the alumoxanes useful in combination witii the ciatalyst components of the present Invention, either in the polym- 
erization reaction or in forming the complex disclosed in U.S. Patent Nik. 4.752,597 and 4.791,180. may be repre- 

40 sented by the general formula (R-AI-O-)n in the cyclic forni and R(R-AI-0)-n-AIR2 in the linear form wherein R is an alkyl 
group with one to five cartaon atoms and n is an integer from 1 to about 20. Most preferably, R is a methyl group. The 
alumoxanes can be prepared by various methods taiown in the art. Preferatjiy, they are prepared by contacting water 
with a solution of b^ialkyl aluminum, such as, ti-imetiiyl aluminum, in a suitable solvent such as benzene. Anottier pre- 
fen-ed metiiod includes tiie preparation of alumoxane in the presence of a hydrated copper sulfate as described in U.S. 

45 Patent No. 4.404,344. the disclosure of which is hereby incorpaated by reference. This method comprises treating a 
dilute solution of ti-imetiiyl aluminum in toluene with copper sulfate. This prepiaration of other aluminum cocatalysls us - 
ful in the present invention may be prepared by methods known to those skilled in the art. 

An alternative to the use of MAO co-catalyst is a catalyst system of tfie, isp- and syndio- specific metallocenes, a 
Lewis add ionic ionizing agent and, optionally, an aluminum alkyl. Methods for preparing a cationic metallocene catalyst 

so system are disclosed in European Patent Application Nos. 90870174.1. 9Q87p 175,8 and 90870176.6 (Publication Nos. 
0 426 637 A2, 0 426 638 A2 and 0 427 697 A2. published on Msiy 8, 1991 ; May 8. 1991 and May 1 5, 1991 . respectiv ly), 
which are hereby incorporated by reference. The ionizing agent which is an iori pair ioriizes tiie metallocenes to a cat- 
ion. The metalfocehe cation forms an ion pair with the anion component of the ionizing agent. 

The segment of tiie metallocene conpound removed by ionization forms an anion which associates witii the cation 

55 conponent of tiie Ionizing agent. The ion pair fornied from tiie anion of the s^grnent of metallocene and tiie cation of 
ionizing agent is chemically inert and non-reactive witti regard to tiie metallocene cation and the metallocene cation- 
ionizing agent anion ion pair vyhich is an active catalyst for polymerization of. olefins. . , r 

An aluminum all^yl. such as triettryl aluminum,' is useful in such an ionic catalyst system to improve yields. It is 
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believed that aluminum alkyi acts to enhance the ionizing process and to scavenge catalyst poisons. 
EXAMPLES 

IvV -it-' 

5 The following Examples illustrate one embodiment of the invention for in situ production of reactor blends of syndi- 
otactic polypropylene (sPP) and Isbtactic polypropylene (iPP). 

Examples 1 -7 show the preparation of catalysts having varioi« compositions of syndic- and iso-stereospecif icity 
prepared by placing both sPP arid iPP metallocene catalysts on a common supportive material. Examples 8-14 show 
the preparation of reactor blends of syndiotactjc polypropylene (sPP) and isotactic polypropylene (iPP) utilizing the cat- 

10 alysts of Examples 1 -7. TTie characteristics of these produced blends were evaluated on compression molded samples. 

Example 1 - 10:90 miPP/msPP Catalyst 
Preparation of catalyst support 

40 grams of silica was transferred into a 1 .0 U 3-neck, round bottom flask under nitrogen purge. The flask was then 
equipped with a reflux condenser that was capped with a gas inlet adapter, a 1 25 mL pressure equalized addition funn I 
which was capped wiiH a mbber septum, and the last neck was capped witii a rupper septum. The silica was slurried 
in 250 mL of toluene at roohfi temperature. Next, 135.2 mL of a 30% MAO solution In toluene was added to the reaction 
20 mixture at roorn temperature. The reaction is exothermic with metharie produced as a byproduct. The reaction mixture 
was then stirred at reflux for four hours under argon. After four hours, the reaction was left^to settle while it cooled t 
room temperature. The supernatant was removed and the slunry was washed four times with 1 00 mL of toluene at room 
tenperature. The resulting solid was dried at 70**C for 3 hours under vacuum. The MAO/Silica support was obtained as 
an off-white free flowing $olid. \ 

Catalygt preparation \ . 

To 5.0 grarns of MAO/Silica in a 500 mL. 1 -necK .side anm, round bottom flask, was added about 50 mL of toluene, 
witii the resulting rrdxtur^e stirred at room temperature. A 1:9 isospecific to syndiospecific metalloc^ie ratio, which 
30 equaled 2 wt.% total loading of the combined solids was slurried lri;toluene and added to the MAO/Silica toluene slurry 

at room tienperature. The rnixture was slurried at room temperature for one hour under argon. The reaction mixture was ^ 
left to settie at room temperature for 15 minutes and then the supernatant rerTK)ved. The solids were then washed tfiree 
times each with 75 mL of hexane at room tenriperature. The resulting solids were dried at room tenperature for one hour 
under vacuum. The supported catalyst obtained as a purpje solid. 

35 ' ' ' " " 

Example s - 30:70'miPP/msPP Catalyst 

The procedure of Example 1 was followed except that a 1 :2.33 isospecific to syndiospecific metallocene ratio was 
utilized. The resulting supported catalyst obtained was a Oght purple solid. 

Example 3 - 50:50 "miPP/msPP Catalvst 

The procedure of Example 1 was* followed exc^ that a 1 :1 isospecific to syndiospecific metallocene ratio was uti- 
lized, the resultirfg supported catalyst obtained was a light purple-pink solid. 

Example 4 - 70:30 miPP/msPP Catalyst 

The procedure of Exampje \ was followed except that a 2.33:1 isospefcif ic to syndiospecific metallocene ratio was 
utilized. The resulting suppoHtad catalyst obtained 

Example 5- 90:10 miPP/msPP Catalyst ' 

The procedtire of Exarnple 1 was followed except that a 9: 1 isospecific to syndiospedf ic metallocene ratio was uti- 
lized. The resulting sipported ca^yst ob^ned was a beige soHd 

Comparative example 6 - 0:100 miPP/msPP Catalyst . : 

The procedure of Example 1 was followed except that a 0:1 isospecific to syndiospecific metallocene ratio was uti- 
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lized. The resulting supported catalyst obtained was a purple solid. . 

Comparative example 7 - 100:0 miPP/msPP Catalyst 

The procedure of Example 1 was followed except that a 1:0 tsospecific to syndiospedfic metallocene ratio was uti- 
lized. The resulting supported catalyst obtained was a tan solid. 

The catalysts produced in the above Examples 1 -7 are listed in the following Table I. 



Tabl e I 



Catalysts Employed to Produce Reactor Blends of sPP and IPP 


catalyst 


Example 6 


Example 1 


Example 2 


Example 3 , 


Example 4. 


Example 5 


Example 7 


% miPP cata- 
lyst 


0 


10 


.30 


, . : 50 ; f 


V 70 


90 


100 


% msPP cata- 
lyst 


100 


90 


70 


50 


30 


10 


0 



Example 8 - Polymerization With 10:90 miPPAnsPP Catalyst 



Polypropylene was prepared using the 10:90 miPP/msPP catalyst of Example 1 . 
Polymerization Procedure 

Polymerization was conducted in a 2.0L stainless steel laboratory autodaye (Zipperclave) liquid phase batch reac- 
tor. The reactor was cleaned, dried and throughly dried with warm dry nitrogen. The autoclave reactor was then charged 
with 1.4 liters of liquid propylene and 16 mmdes of gaseous hydrogen. Next; 72 mg . . 

of catalyst and 108 mg of TiBAI were mixed in mineral oil and placed in a bomb, the mineral oil slurry was precontacted 
with a small amount of dry propylene at room temperature for about five seconds, to, allow for some prepolymerization 
prbr to charging into the reactor. The mixture was then heated to 60**C. and stirred at that temperature for 60 minutes. 
At the end of this time; polymerization was terminated by rapidly venting the unreacted propylene out of tiie reactor. The 
resulting polymer was then separated, dried at 80**.C and submitted for analysis. 

Example 9 - Pclymerizatipn Mh 3Q;70 miPPAngPP Catalyst 

Polypropylene was prepared according to tine procedure of Example 8, except tinat the 30:70 miPP/msPP catalyst 
of Example 2 was utilized. 

Example 1Q • Polymerization with $Q;50 miPP/msPP Catalyst ; - i 

Polypropylene was prepared according to the procedure of Example 8, except that the 50:50 miPP/msPP catalyst 
of Exannple 3 was utilized. 

Example 11 r Polymerization With 70:30 mlPP/msPP Catalyst ; 

Polypropylene was prepared according to tiie procedure of Example 8, except that the 70:30 miPP/msPP catalyst 
of Example 4 was utilized. 

Example 12 - Polymerization With 90:10 miPP/msPP Catalyst 

Polypropylene was prepared according to the procedure of Example 8, except tiiat the 90:1C miPP/msPP catalyst 
of Example 5 was utilized. 

Conroarative example 13 - Polymerization With 0:100 miPP/msPP Catalyst 

Polypropylene was prepared according to tine procedure of Example 8. except that the 0:100 miPP/msPP catalyst 
of Exanf^le 6 was utilized. 
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Comparativ example 14 - Potvmerizatioh With 100:0 miPP/msPP Catalyst 

Polypropylene was prepared according to the procedure of Example 8, except that the 100:0 miPP/msPP catalyst 
of Example 7 was utilized. ~ 

Example 15- Evaluation of Polymers 

The polymers of Examples 8-14 were evaluated as follows: 

^0 Sample Preparation for NM R Spectroscopy 

Polymer fluff was preparedi^y dissplytng the prepared polypropylene in boiling xylene (80ml/1 g polymer) and then 
the polymer was precipitated in metKanof by addjng xylene solution dropwise into methanol while stirring. The precipi- 
tates were collected by filtration. TTien. the filtrate was extracted with boiling heptane in a Soxhlet extractor overnight. 
15 The insoluble were dried in a vacuum oven at WO, 

Compounding 

The polymer fluff of each polypropylene reactor blend was compounded with standard antioxidants such as 1-1 076 
20 (resin stabilizer antioxidants) and lrg-1076 (resih stabilizer antioxidants), using a 1/2' (LTD ^24) laboratory miao- 
extruder (Randcastle). 

PSC (Pifferentiai Scanning C a i orime t ry ) 

25 The thermal characteristics via dynamic crystallizations and melting were determined by DSC. Rve to ten mgs of 
the prepared polypropylene polymer pellet was placed in a DSC aluminum pan and melted at 210''C for 10 minutes, and 
then cooled to 25?e"at the rate of 10**C/min for dynamic crystallization while recordng ia reaystallization exotherm. fol- 
lowed by heating to 4 90?C at tii6 same rate to record a nrielting endotheirm. 

30 Compression Moldino 

Polypropylene polymer pellets wei*e compression molded Irrto 6" x 8'^ 0.05" plaques. Forty to fifty grams polymer 
was placed in a 3 piece window" mold. One ton pressure was applied to tiie mold at 450''F (232*'C) for 3 minutes and 
then, tiie pressure was increased to 2.5, 5, 1 0 and 30 tons at one minute Intends. After holding at 30 tons for 1 minute, 
35 the mold was moved to tfie cold stage (5^1 0°C) to quench the polymer. The molding was completed after the mold was 
held in the press under contact pressure for 1 5-20 minutes. 

Tensile Properties (ASTM D638) 

40 Type IV tensile bars were stamped out oT the compressfon molded plaques. Five tensile bars per each blend were 
tested using Instron under the condition prescribed in ASTM D638. 

Rexural Modulus (ASTM D790> , * 

45 Rectangular flexural bars (1 2.7 mm x 127„mm x .1 .2 mm) wa'e stamped out of the compression molded plaques. 
Five bars (12.7 mm x 50.8 mm x 1 .2 mm) per each plaque were prepared and tested under the condition prescribed in 
ASTM D790; 25.4 nvn span length. 0.85 mm/min aoss head speed. 

Izod Impact (ASTM D256) 

Rectangular bars were compression molded and then Izod bars were prepared as prescribed in ASTM D256. tzod 
impact resistance was determined on the notd'ied samples. , " 

Transparency (ASTM DIQOa) 

The percent transmittance was measured on the compression molded plaque (0.05" thick] before cut into the 
desired test geometries. . ^ 
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Characteristics of Example 8-14 Polymers 

The characteristics of polymers produced in Examples 8-14 wrth the catalysts of Examples 1 -7 having various syn- 
dio-and iso-specificity ratios are given in Tat>le II and FIGs. 1-2. As seen In FIG. 1, under given polymerization condi- 
5 tlons. the miPP catalyst showed approximately 30 % higher activity than sPP catalyst The dual catalyst exhibited a 
minimum activity when the catalyst was composed of less than 50 % nilPP catalyst.The amounts of xylene solubles for 
all the blends were less than 1 %. 

As shown in FIG. 2, the hydrogen responses of both sPP ahd.iPP catalyst were significantly different; thus, the 
MFR of reactor blend were varied depending on the catalyst employed for blend preparation. The higher the amounts 
10 of sPP. the lower the MFR of reactor blende These results suggest that a BMWD could be produced if the hydrogen 
response of the two catalysts are significantly different. 



Table II 



15 


Polymer Produced, with Catalyst Having Dual Characteristics 




Polymer 


Example 
13 


Example 8 


Example 9 


Example 
10 


Example 11 


Example 12 


Example 14 


20 


catalyst 


Example 6 


Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 7 


% miPP 
catalyst 


0 


10 


30 


50 


70 


90 


100 




yield 
(grams) 


510 


396 


397 


429 


493 


587 


689 


25 


activity 
(9/g/h) 


7100 


5500 


5500 


6000 ; 


6800 ' 


8200 


9600 




bd 


0.32 


0.30 > 


0.31 


0.30 


: 0.31 


0.33 


0.35 


30 


%xs 


0.7 


0.7 


0.9 


1.1 


0.7 


1.0 


1.3 


MFR (g/10 
mln) 


0.4 




1.2 


4.2 


13.7 


20.8 


23.7 




Mn/1000 


121 


113 


95 


73 


65 


60 ^ 


61 


35 


Mw/1000 


320 


272 


286 • 


217 


180 


160 


139 




Mz/lbOO 


670 


541 ' . 


649 


512 


. 393 


323 


252 




D 


2.6 


2.4 


3.0 


3.0 


2.8 


2.7 


2.3 




D' 


2.1 


2.0 


2.3 


2.4 


2.2 


2.0 


1.8 



40 



Microstructure of Reactor Blend 

To determine the microstructure of the reactor tjlends. ^^G-NMR spectra were recorded for selected polymers. Th 
45 pentad sequence distritxjtiohs of these polymers are given in Table 111. It is noted that both 100 % sPP and 100 % miPP 
do not contain meso and racemic pentad sequence, respectively. When the. compositions of the reactor blends w r 
estimated from these pentad distributions: the amounts of miPP in the polymer were very close to the catalyst compo- 
sitions. For example, 30 % miPP catalyst produced 27 % miPP. while 70 % miPP catalyst 79 % miPP. These results 
imply. that the composition of polymer can be accurately estimated by the given catalyst conposition. 
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. Table III 





Pentad Sequenc 


Distributi ns of 1PP, sPP and Selected Reactor Blends 


catalyst 


100%sPP Examples 


30% miPP Example 2 


70 % mIPP Example 4 


100%miPP Example 
7 


pentad 


Example 13 


Example 9 


Example 11 


Example 14 


minnun 


0.00 


22.75: 


70.08 


90.72 


mmmr 


0.00 


1.18 ^ 


2.90 


3.14 


rmmr 


2.16 


1.57 


0.00 


1.11 


mmrr 


4.54 


4.57 


4.07 


3.34 


xmrx 


2.63 


2.22' 


1.25 


0.00 


iTinnr 


0.42 


0:00 


0.00 


0.00 


rriT 


- . ft1 1A 

O 1 . 1 o 


61.76 


18:43 


0.00 


rrrm 


. 7.5^ 


5.95 


2.11 


0.00 


mnrn 


0.96 


0.00 


1.06 


1.68 


% meso 


- : ' 6.56 * 


28.89 


75.74 . 


96.65 


% racemfc 


^ 93.44 


71.11 


24.26 


3.35 


% error 


3.48 


2.68 


0.63 


1.11 


def/IOOb 


3Z80 


144.45 


121.30 


16.76 


% mipp° 


0 


26.9 


79.2 


100 



^ calculated from %mmmm and % mr. 



Thermal Characteristics ! 

The thermal characteristics of sPP blends are given in Table IV, while DSC thermograms are shown in FIG. 3. As 
35 has been known, sPP shows dual melting endotherms and crystallizes at a significantly lower temperature than miPP 
J (70 vs 1 07»C). Such a high crystallization temperature of miPP could prove to be advantageous over a propylene copol- 
ymer (Tc = 80-95*»C)Jn sPP Wends. : 



Table IV 



Thermal Characteristics of Reactor Blends 


Blend of Example 


13 


8 


9 


10 


11 


12 


14 


14 


% miPP 


0 


10 


30(26.9)* 


50 


70 (79.2)* 


90 


100 


100 


T„(oC), • 


119.5 


.120.0. 


120.3 


123.1 


121.1 










130.1 


129^9 


130.0 










138.3 






1475. 


148.8 


. 148.8 


148.8 


148.6 


149.0 


151.8 


AH„(J/g) 


31.4 


29.4 


37.1 


.56.4 


72.8 


79.8 


86.9 


88.5 


TcrC) 


70.5 


71.5 


72.3 


83.8 


82.4 


82 














106.9 


110.2^ 


106.8 


107.2 


1197 


AHe(J/g) 


32.3 


35.4 


46.0 


58.1 


80.2 


88.8 


84.9 


88.2 



^determirtedby ^^C-NMR 
^ appears to be contaminated. 
^ contains 2500 Nat luy. 
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The presence of miPP in the blend is evident as seen in DSC mefting endotherms (147-149°C) and in recryslalli- 
zation exotherms (107**C). The third melting peak, exclusively from miPP, appears even at 10 % loading of miPR while 
the additional recrystallization peak at >30 % miPP These results indicate that sPP and miPP are not compatible most 
likely due to the structural feature of each polymer. In addition, an interesting melting endotherm was observed in the 

5 presence of nucleator (2500 ppm Nal 1 uy). as shown in FIG. 4. 

The rates of dynamic crystallization for sPP, miPP and their reactor blends were determined by plotting exothermic 
heat generated during recrystallization with time elapsed from the melt (210**C), where the raw data are given in Table 
V. As seen in FIG. 5. the crystallization rate, in terms of the slope of the curve, significantly increases with inaeasing 
amount of miPR Furthermore, the induction period for crystallization decreases with increasing amount of miPR These 

10 results suggest that the crystaliizability of sPP could be significantly improved by the addition of some counts of miPP 
(>30%). 



Table V 



25 



30 



35 



Raw Data For Dynamic Crystallization * 


Blend of example 




8 


9 ' 


10 


14 


miPP(wt%)' 


0 


10 


30 


50 


100 


t (min) 


AHc(J/g) 


8.5 










0 


9.0 








0 


0.037 


9.5 








0.055 




10.0 








3.442 


12.270 


10.3 . 










48.565 


10.5 








32.936 ; 


74.181 


11.0 






0 


.40.927 


83.863 


11.5 








'48.713 


85.882 


1^2X1 


Q. 


- 0. 


0.228- 


55.343 


86.833 


12.5 


0.125 


0.178 








13.0 


0.638 


1.065 


3.514 


59.506 




13.5 


3.529 


6.00 


13.68 


60.163 




14.0 


17.778 


24.156 


33.385 






: 14.5 


28.882 


32.165 


40.877 






15.0 


30.533 


33.453 


42.065 






15.5 


31.151 


34.038 


42.597 







45 Phygic^l Properties 

The physical properties of the melt blends, determined on the compression nrwlded samples, are given in Table VI. T n- 

sile rhodulus and Izod impact of the reactor blends ai-e shown in FIG. 6. whilis other tensile properties are presented in 

FIGs. 7 and 8. The moduli of sPP blends were enhanced by increasing amounts of miPP, which can be attributed to 
50 increases in crystal liriity. On the other hand, the impact property increased witti inaeasing amounts of sPP. The bl nd 

of 50/50 sPP and miPP has Izod impact similar to normal high impact polystyrene (100 J/m). 

As shown in FIG. 7, the tensile str«igth at yield increased with increasing amounts of miPP due to increased overall 

crystallinity. The blentis haying less than 50 % pf miPP or sPP show strain hai-denirig upon drawing. On the other hand. 

significantly low values of tensile strength and elongation at break for the blends containing 50 % miPP were obtained 
55 (FIGs. 7 and 8). These results indicate that incompatibility of sPP and miPP nrray be maximized at 50 %. The same trend 

were observed in ti-ansparency of the blend (FIG. 9). ' 
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Table VI 



Physical Properties of sPP, miPP and TTieir R actor Blends 


Blend of Example 


13 


^8 


9 


10 


11 


12 


14 


14 


.%miPP 




10 


30 (26.9)''. 


50 


70 (79.2)'' 


90 


100 


100 


Tensile M. (MPa) 


207 V 


214 


276 


428 


614 


662 


669 


786 


Tensile Strength 


















©yield (MPa) 


15.3, 


15.6 


17.7 


23.5 


27.8 


31.4 


33.9 


36.3 


©break (MPa) 


285 


28.2 


35.8 


12.8 


27.4 


31.7 


25.2 


26.2 


%elongption 


















©yield ' 


21.6 


19.3 


17:7 


15.8 


15.0 


14.2 


15.8 


13.2 


©break 


1200; 


1100 


1300 


393 


827 


1050 


695 


553 


1zod(ftlb/in) 


15.4*^ 


15.1'= 


14.5^ 


2.1 


0.5 


0.3 


0.3 


0.3 


% transmittance 


87.2 


81.9 


78.8 


77.7 


78.3 


81.5 


832 





^ contains 2500 ppm Nal 1 uy 

determined by ^^ONMR 
^ Ttie samples were not braken.D 



While the iliustratiye enribodiments of the invention have been described with particularity. H will be understood that 
various other modif ipations will be apparent to and can be readily made by tiiose skilled in the art without departing from 
the spirit and scope of |the invention. Accordingly, it is not intended that the scope of the claims appended hereto be lim- 
ited to the examples and descriptions set forth herein but rather that the claims be construed as encompassing all tiie 
features of patentable novelty which reside in the present invention, including all features which woukJ be treated as 
equivalents thereof by .those skilled in the art to which this invention pertains. 

In a preferred embodiment of tiie present invention the supported catalyst for polymerization of olefins essentially con- 
sists of 

(a) a catalyst support; - 

(b) stereorigid isospecif ic metallocene catalyst corrponent supported upon the support; and, 

(c) stereorigid syndiospecif ic metallocene catalyst component supported upon the support. 
Claims 

1 : A supported catalyst for polymerization of olefins of at least three cartjon atoms comprising; 

(a) a catalyst support; 

(b) sterewigid isospecif ic metaljocene catalyst component supported upon<the support; and. 

(c) stereorigid syndiospecif ic metallocene catalyst component supported upon ttie support. 
2. Thesupportedc^taiystbf claim 1 wherein. 

the stereorigid isospecif ic metallocene catalyst component is desrftsed by the formula: 

R'XCpR264ai)(CpR2C4R4)MeQk . - 

wherein (CPR2C4R4) and (CpR'2C4R'4) are substituted indenyl rings; each R and R* is a hydrogen or a hydro- 
carbyl radical having 1-20 carbon atoms, each R being the same or different, each R' also being the same or 
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different, one R and R being a hydrocarbyl radical having 1 -20 carbon atoms in a proximal position adjacent to 
the bridgehead carbon of the indenyl rings; R" i$ a structural bridge between the two Indenyl rings imparting 
stereorigidity to the indenyl rings; Me is a transition metal; and each Q is a hydrocarbyl radical or is a halogen- 
and ' 

wherein the stereorigid syndiospecific metallocene catalyst component is desribed by the formula: 

R"(CpRJ(CpR'JMeQk 

wherein each Cp is a cyclopentacfienyl or substituted cydopentadienyl ring; R^ and R'^ are hydrocarbyl radi- 
cals having 1-20 carbon atorhs, each R^ may be the same or different, and each R'^ also may be the same or 
different; R" is a structural bridge between the two Cp rings imparting stereorigidity to the Cp rings within the 
catalyst, and R " is preferably selected from the group consisting of an alkyi radical having 1 -4 carbon atoms or 
a hydrocarbyl radical containing silicon, germanium, phosphorus, riitrogen. boron, or aluntinum; Me is a group 
4b. 5b, or 6b metal from the Periodic Table of Elements; each Q is a hydrocarbyl radical having 1-20 carbon 
atoms or is a halogen; O^k^; 0^54; arid l^m^. and R is selected such that (CpR 'J is a substantially dif- 
ferent substituted ring oth©- than (CpRn). 

3. The supported catalyst of Claim 2 wherein the isospecif ic rnetallocene component comprises: 

R"(CpHRiC4H4)(CpHR'^C4H4)MeQk. 

4. The supjxjrted catalyst of claim 2 

wherein for the isospecif ic metallocene component R and R Sare .the same; and. 

wherein for the syrxiiospecific metallocene component R'^ is selected sudi that (CpR J forms a fluorenyl 
or indenyl radical; ' nv j 

5. The supported catalyst of claim 2 

wherein for the isospecific metallocene component R arid R' is an alkyI radical of 1-4 carbon atoms* and 
wherein for the syndiospecific metallocene component R" is selected from the group consisting of an 
alkylene radical having 1-4 carbon atoms, a silicon hydrocarbyl radical, a germanium hydrocarby radical, a phos- 
phorus hydrocarbyl radical, a nitrogen hydrocarby radical, a boron hydrocarbyl radical, and an aluminum hydrocar- 
byl radical. 

6. The supported catalyst of claim 2 

wherein for the isospecific metallocene component R and R ' are each a methyl radical; and 
wherein for the syndiospecific metallocene component R " is a methyl, ethyl, isopropyl, cydopropyl. dimeth- 
ylsilyl. methylene or ethylene radical. 

7. The supported catalyst of claim 2 

wherein for the isospecific metallocene component R" is a hydrocarbyl radical containing silicon as the 
bridging component; and 

wherein for the syndiospecific metallocene component n is 0. 

8. The supported catalyst of claim 2 

wherein the isospecific metallocene component comprises a rac-dimethyisilybis[2-methyiindenyG radical: 

and 

radicai*^^^*" syndiospecific metallocene component comprises an isopropyl(cyclopentadienyl-1 -fluorenyl) 

9. The supported catalyst of claim 2 vifherein for both the isospecific metalbcene component and the syndiospecific 
metallocene component. Me is a Group IVB, VB or VIB metal. 

10. The supported catalyst of claim 2 wherein for both the isospecific metallocene component and the syndiospecific 
metallocene component, Me is zirconium. 

11. The supported catalyst of claim 2 wherein for both the isospecific metallocene component and the syndiospecific 
metallocene component, Q is a halogen. 
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12. A method of making a supported catalyst according to any one of daims 1 to 1 1 for polymerisation of olefins of at 
least three carbon atoms, the method comprising; 

cdntactihg a catalyst support with the stereorigid isospecific nnetallocene catalyst connponent and with the ster- 
eorigid syndio^^ecific metallocene catalyst component 

1 3. A catalyst system for polymerization of olefins of at least three cartwn atoms conprising: 

' (a) a si^ported catalyst according to any one of claims 1 to 11 ; 
(b) a cocatatyst or a Lewis acid ionic ionizing agent. 

1 4. ' The catalyst system of dainri 1 3 wherein the cocatalyst is alumoxane. 

1 5. A method of making d catalyst system for polymerization of olefins of at least three cartx)n atoms, the method com* 
prising: 

contacting a supported catalyst according to any one of claims 1 to 1 1 with a cocatalyst or a Lewis acid ionic 
ionizing agent. 

16. A process for polymerizing of olefins with at least three carbon atonis, the process comprising 

(a) contacting olefins of at least three cart>ons with a catalyst system according to either of claim 13 and claim 
14 under polym^zation corKiitions to form a blend of isotactic and syndiptactic polymer of high mdecutar 
weight and crystallinity, 

(bj retrieving the polymer produd. 

17. Theprocessofdaim 16 wherein the cocatalyst is alumoxane. , 
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FIG.1 
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